ABSTRACT A recombinant plasmid containing sequences complementary to human pro-al(I) collagen mRNA was used for the chromosomal assignment of the pro-al(I) collagen gene. Restriction endonuclease analysis of DNA from mouse-human and Chinese hamster-human somatic cell hybrids revealed cosegregation with human chromosome 17. Hybrids containing derivative chromosomes with a t(2;17Xql4;q2l) translocation showed cosegregation ofthe pro-al(I) gene with the segment 17q21+qter. In situ hybridization on human metaphasic chromosomes confirmed this conclusion.
At least five genetically distinct collagen types have been identified in mammals. Of these, type I collagen is the most abundant; it is the major constituent of bone, tendon, skin, and fibroblasts. It consists of two al(I) chains and one a2(I) chain, which are synthesized as precursor polypeptides containing NH2-and COOH-terminal propeptides and called pro-al(I) and pro-a2(I) chains (1, 2) .
The availability of genomic libraries has permitted the isolation of the entire chicken pro-a2(I) gene (3) (4) (5) (6) (7) and part of the sheep pro-a2(I) (8) and of the mouse pro-al(I) genes (9) . More recently, we have reported the isolation of specific cDNAs and genomic fragments for the human pro-a2(I) and pro-al(I) chains (10) (11) (12) (13) . However, one major question remains: Are the genes coding for the nine (or more) different polypeptide collagen chains dispersed in the genome or clustered as one or several gene family(ies)? Conflicting results have been obtained when immunological techniques were used to determine the chromosomal location ofthe pro-al(I) and pro-a2(I) genes (4, 5) . We have used the more direct approach ofrestriction endonuclease analysis of DNA from human-rodent somatic cell hybrids hybridized to labeled cloned cDNAs. Using this method, we have unequivocally assigned the gene coding for pro-a2(I) collagen chain (COLIA2) to human chromosome 7 (14) . In the present paper we report the assignment of the gene coding for the proal(I) chain (COLIAl) to chromosome 17. (18) . Cell lines were established and maintained as described (18) (19) (20) . Cell hybrids were characterized by isozyme and karyotype analysis. Chromosomes were identified by R-banding (21) .
MATERIAL AND METHODS

Material
Recombinant Clones and DNA Analysis. From a human fibroblast cDNA library five overlapping clones specific for the pro-al(I) chain were isolated (12) . The clones were characterized by restriction endonuclease mapping and direct DNA sequence analysis was performed according to Maxam and Gilbert (22) . Here we have used one of these clones (Hf-677). Nuclear DNA purification and restriction endonuclease analysis were performed as described (14) .
In Situ Hybridization on Metaphase Chromosomes. A phytohemagglutinin-stimulated culture ofwhole blood from a normal woman was used to prepare air-dried metaphase chromosome spreads on clean glass slides which were analyzed within 4 weeks. Hf-677 was nick-translated with 5-['"I]iodo-2'-deoxycytidine triphosphate to a specific activity of 1.5 x 108 cpm/ ,ug and used as probe for in situ hybridizations according to the protocol described by Gerhard et aL (23) . RESULTS DNA Sequence Analysis. DNA sequence analysis proved that Hf-677, 1.8 kilobases (kb) long, extends from the codon for amino acid residue 788 in the a chain to the 3' untranslated region of the pro-al(I) mRNA. In Fig. 1 Comparison of homologous amino acid sequences corresponding to human pro-al(I), bovine pro-al(I), chicken pro-al(I), and human proa2(I) extending from amino acid residue 788 to amino acid residue 839 of the a chain. All amino acid sequences, except bovine pro-al(I), were deduced from the nucleotide sequences of cloned cDNAs (which are given in parentheses below). Line 1, human pro-al(I) (Hf-677) (12) . Line 2, bovine proal(I) (24) . Line 3, chicken pro-al(I) (pCg54) (25) . Line 4, human pro-a2(I) (Hf-32) (26) . The underlined residues are those that are different from the residues present in human pro-al(I).
acid sequence extending from residue 788 to residue 839 for the human al(I) chain and the homologous sequences of the al(I) chain of calf (24) and chicken (25) and the human a2(I) chain (10, 26) .
Restriction Endonuclease Analysis. When DNA from the parental cell lines was digested with HindIII and hybridized with 32P-labeled Hf-677, a single 6. 0-kb fragment was detected in the human line, whereas two fragments were detected in the rodent lines: a 2.8-kb and an 8.8-kb fragment in the Chinese hamster line and a 2.7-kb and a 2.0-kb fragment in the mouse line ( Fig. 2A) . These rodent collagen-like fragments were therefore clearly distinguishable in size or number from the human pro-al(I) specific DNA fragment. Analysis of the chromosome content of the six hybrid cell lines (Table 1) revealed that the presence of the human pro-al(I) collagen fragment correlated only with the presence of chromosome 17. All the other chromosomes, including 7, could be excluded: the human pro-al(I) fragment was clearly absent from two hybrids, C56C and C56X, that were positive for chromosome 7.
In order to map COLIA1 more precisely on chromosome 17 we used a set of mouse C1lD (TK-)-human hybrid cell lines informative for regional mapping of genes on 17. Analysis of these DNAs by restriction endonuclease HindIII showed that hybrids that had retained the derivative chromosome 2q-(2pter-*2q14: :17q21417qter) contained COLIA1, whereas hybrids that had lost the 2q-or only retained the 17q+ (17pter-17q21: :2q14-*2qter) no longer contained any human pro-al(I) collagen sequences (Fig. 2B) .
In Situ Hybridization. All metaphasic chromosomes displayed C-banding. Most metaphasic chromosomes had, in addition, various degrees of R-banding. However, the identification of all chromosomes was possible in a few cells only. Therefore, the location of the grains was first registered by groups with the exception ofchromosomes 1, 2, 3, and 16, which were recorded separately (27) .
Grain counts were done on 242 metaphasic chromosomes on which a total of 1,131 grains was found. Ofthese grains 572 were cytoplasmic and 559 chromosomal. The distribution ofthe chromosomal grains is shown in Table 2 . Chromosomes 17 and 18 (considered as a group at this stage) had a higher grain density per unit of DNA than any of the other groups or single chromosome, the difference being statistically significant (P < 0.001).
In order to discriminate between the two chromosomes, all metaphasic chromosomes having at least one grain on 17 
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Genetics: Huerre et al. mouse CllDATK-HPRT-cells and human fibroblasts XX,t(X;5)(q21;qll). +, The chromosome was present in more than 30% of the mitotic figures; ±, the chromosome was present between 0% and 30%; a, chromosome 2qter.2q32: :Xp22-*Xqter; b, chromosome 5pter*5qll: :Xq2l-*Xqter; c, chromosome Xpter.Xq2l: :5qll5qter; d, chromosome 2pter.2ql4: :17q21l17qter; e, chromosome 17pter*17q21: :2qter. has a greater centromere index; and third, the centromeric Cband is stronger in chromosome 18 than in 17. The results showed that out of 83 grains, 67 were on chromosome 17 and 16 on chromosome 18. The resulting number of grains per unit of DNA for chromosome 17 (23.67) was significantly higher (P < 0.001) than that of chromosome 18 (6.04) or any other chromosome or group of chromosomes ( Table 2 ). The regional localization of the-83 grains found on chromosomes 17 and 18 is -shown in Table 3 . Whereas the distribution on chromosome 18 is even, the localization on chromosome 17 shows a peak in bands q21 and q22, that is, in the middle third ofthe long arm. The total number of grains on the cytoplasm (572) was approximately equal to that on the chromosomes (559), indicating nonspecific binding to cellular structures. Hence it follows that many of the grains on the chromosomes were also nonspecific. Nevertheless, the specific binding to chromosome 17 was stronger than the background.
DISCUSSION
Restriction endonuclease analysis of somatic cell hybrid DNA has become a very useful complement to genome mapping tech- (31) . The data presented here and previously (14) resolve this controversy because they allow COLIAl to be assigned to chromosome 17 and COLIA2 (pro-a2 of type I) to chromosome 7.
To better define the localization of COLIA1 within chromosome 17 we have performed restriction endonuclease analysis of DNA from hybrids made with human cells containing a t(2;17)(ql4;q21) translocation. The results clearly showed that COLIA1 can be assigned to the region distal to the breakpoint in 17q21. In situ hybridization ofmetaphasic chromosomes provided data consistent with this conclusion.
It should be noted that the uniqueness of the restriction pattern obtained with Hf-677 makes it unlikely that in this study we were detecting pseudogenes in addition to COLIA1. Fur- (32) , and the genes for growth hormone, chorionic somatomammotropin, and a growth-hormone-like peptide (33, 34) . On the other hand, different genes of the same family can also be located on different chromosomes-e.g., the a and 3 globin genes, which are located on 16 and 11 respectively (32) . The collagen gene family is believed to have arisen from a common ancestral gene by multiple duplications of a single coding unit (5) . Because COLIA2 is on chromosome 7 and COLIAI is on chromosome 17, other genes coding for the other procollagen polypeptide chains may be closely linked on the same two chromosomes. Previous reports (30, 31, 35, 36) indicated that the expression oftype IV, type III, and type I collagen was detected by specific antisera in cell hybrids that had retained either chromosome 17 or chromosome 7. Although these results were contradictory, probably because of immunological crossreactivity, they suggest that both chromosomes carry several genes for collagen polypeptide chains. The future availability of wellcharacterized molecular probes specific for the other human procollagen chains will make it possible to test the validity of this hypothesis. Another family of closely related genes, namely growth hormone, and chorionic somatomammotropin, has also been shown to be located in the same region of 17 (33, 37, 38) . The same region of 17 also contains the genes coding for TK and galactokinase (39) . By determining the molecular linkage between these loci and COLIAI in humans and in other species, it should be possible in the future to obtain further insight into the evolution of chromosome 17. 
